Development of the tecto-thalamic projection neurons and the differential expressions of calcium-binding proteins in the rat.
We studied expression of calbindin-D 28 K and parvalbumin in tecto-thalamic projection neurons and during the formation of their tecto thalamic projections using a double-labeling with Fluoro-Gold. To discern the completion of these projections, Fluoro Gold, an opalescent fluorescent dye, was injected into the dorsal lateral geniculate and/or the lateral posterior nucleus in rats of various ages from neonates to adults. After one day's survival, the brains were removed and sections of the brain were immunohistochemically processed using Cy3, a red fluorescent dye, as a marker for calbindin-D 28 K or parvalbumin. The three types of tecto thalamic neurons, which have been described previously in the adult rats, were identified in the present study. The results revealed that in developing rats: 1) A population of medium-sized neurons (the presumed pyriform cells) express calbindin-D 28 K as early as the day of birth prior to the formation of their tecto thalamic projection that occured on postnatal day 4. Most (over 90%) of them project to the dorsal lateral geniculate nucleus; 2) A population of large neurons (the presumed wide-field vertical cells) express calbindin-D 28 K on postnatal day 7, and most of them (over 90%) project to the lateral posterior nucleus; 3) Another population of medium-sized neurons (the presumed narrow-field cells) express parvalbumin on post-natal day 17, but only a half (45%) of them project to the dorsal lateral geniculate nucleus. In the developing nervous system, calcium ions play important roles in the biological and molecular events underlying neural development. Changes in the free intracellular calcium ion level, indicating neuronal activity has been reported to be correlated with onset of calbindin-D 28 K or parvalbumin-immunoreactivity that participate in the regulation of intracellular calcium homeostasis in neurons. Therefore, the present findings may reflect distinct developmental events in the different classes of tectal relay neurons that form parallel visual pathways, but which have such different functions as the detection of luminance, discrimination of direction, and the detection of fast movements.